Calorimetric m easure ments of t he heat s of solut ion of L iClO, (c), N H ,ClO,(e), a nd NaCIO, (c) have bee n ma de. The res ults have bee n combined wit h t he heats of format io n of K CIO,(c), K CI(c), Li CI(c), N H ,CI(c), a nd NaCI(c), t o obtain t he followin g heats of A brief s ummary of oth er recent da la has been in cluded .
Introduction
.
This investigation, a con tinua tion or t he work / d escribed in the preceding p aper, was undertaken to ob tain a r eliable value for t he heat of formation of sodium perchlorate and to provide a uniform basis for inter comparing the heats of forma tion of lithium, ammonium, sodium, and potassium percillorates. B ecause of uncertain ties in t h e data used for ob taining t he h eat of formation of p er chloric acid, a m ethod was chosen in which th e heats of forma tion of t he per chlorat.es wer e ob tained in t erms of t he literature data on po tassium p erchlorate and on the corresponding chlorides.
. Materials
The LiCI, NaCI, ICCI, and N H 4CI were reagentgrade m aterials, dried at 130°C, and stored in a desicca tor over anhydrous magn esium per chlora te.
The KCI04 was r eagent-grade m aterial, r ecrystallized twice from water, and dried at no 0c.
The LiCI04 was obtained from HEF, Inc. , a corporation owned and opera ted jointly by the Hooker Chemical Company and the Foote Mineral Company. The following analysis in percent was furnished with the material: LiCI0 4, 99.7 ; 1-120 , 0.1 ; NaCI, 0.1 ; NaCI03, 0.005 ; R 20 3 , 0.01. However, the m aterial had app ar ently been s ubjected to brief exposures to moisture, as it \-vas found by the Karl Fischer m ethod to contain approximately 1.84 p ercent of wat er. H eating the mat erial overnight at 160°C redu ced the moisture content only slightly. However, by heating the salt to 275 °C under vacuum, the water content was r edu ced to not more than 0.05 percent.
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Th e N H 4C104 was prep ar ed by p assing gaseous ammonia into a 70-per cen t aqueous solution of p er cbloric acid ; the resulting crys tals were r ecr yst allized t wice from \ovateI' and then dried to constant weight at 95 cC. The ammonia was obtained from the M atheson Company, who certified it t o have a purity or not less than 99 .99 p er cen t. The p erchloric acid was r eagent-grade m aterial wmch conform ed with A. C.S. specifications.
The N aCI04 was prep ared by the addition of solid r eagent-grade sodium hydroxide to a 70-pel'cen t aqu eous solution of perchloric acid. It was r ecr yst allized twice from wa ter , and dried fIrst in air at 160°C and t h en in a v acuum at 275 °C.
E ach or the dried pel'chlorates was tested fo r chloride by addi tion of a sample to a solution or sil vel' nitrat e in nitric acid; in no case was there any clouding of the solution.
. Units of Energy, Molecular Weights, and Conversion Factors
The joule was used as t he unit of energy. All instruments were calibrated in t erms of standards maintained at NBS. For conversion to t he conventional thermochemical calorie, one calorie is taken as 4.1840 joules.
All atomic weights were taken from the 1957 Interna tional 
. Apparatus and Procedure
The glass calorimeter, thermometric system, apparatus for measurement of electrical energy, and general calorimetric procedure have been described [3, 4, 5] . A saturated solution of KCI04, consisting of approximately 0.0715 mole of KCI04 in 24.45 moles of water, was weighed into the calorimetric vessel, and a mixture of 0.0670 mole of KCI and 0.01 mole of KCI04 was added (solution I ) . The addition of tIns excess of 0.01 mole of KCI04 (to insure saturation of the solution) was made in all experiments. A sealed glass ampoule of LiCI04 (c) was placed in the cruslling device, the calorimeter was assembled, a platinum resistance thermometer was inserted, and the calorimeter was immersed in a thermostatically controlled water-bath maintained at 25.0 °C. The calorimeter temperature was adjusted to 24°C by electrical heating. After an initial rating period the ampoule was broken into the solution. The calorimeter stirrer, operating at 90 rpm, provided sufficient agitation to afford thermal equilibrium in 30 min. Temperatures were observed at I-min intervals during the reaction period and at 2-min intervals during the initial and final rating periods.
The reaction between the potassium ions and perchlorate ions caused the solution (which was already saturated) to become supersaturated with KCI04 and resul ted in precipitation of the additional amount The experiments with NH4Cl04 and with N aCl04 were performed in a similar manner, producing solutions IV and V respectively. To eliminate, so far as possible, the uncertainty in the state of the precipitated KCI04, similar experiments were run using KCI04• The heat measured should correspond to the transformation of dry crystalline KCI04 to the wet precipitated salt. The calorimeter system containing solution I was calibrated with electrical energy [4] , the only change in the system being the substitution of an empty bulb for the perchlorate ampoule.
The heats of solution of KCl, LiCI , NH4Cl, and NaCI were determined in the same apparatus, but with a solution differing from solu tion I only in the quantity of KCI, which was reduced from 0.067 mole to 0.037 mole (solution III) . The addition of the KCI and NH4Cl samples resulted in the absorption of considerable amounts of energy; to avoid corrections for the change in the concentration of the KCI04 with temperature, a measured quantity of electrical energy was added in each case.
A separate series of electrical-energy calibration experiments was performed, using solution III and an empty ampoule.
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. Results and Calculations

I
The results of the calibration experiments on the calorimetric system used for measurement of the heats of solution of LiCI04, NH4CI04, and N aCI04 are given in The results of the experimen ts on the h eat of reaction of LiCI04 with KCl in solution I are given in table 2. Here, t::.e is the change in the energy equ ivalent from that of the "standard" system due ~ to the heat capacity of the sample and to deviations in the mass of the glass bulbs from that of the J reference bulb, (0.444g). The energy evolved, q, was obtained as the product of t::.Rc and the energy I equivalent of the actual calorimetric system, E s+ t::.e.
The results of the experiments on the heats of reaction of NH4CI04 and N aCI04 with KCI in solution I are given in tables 3 and 4 , respectively. The results of the experiments on the heat of addition of KCI04 to solution I are given in 
KCl04 (c) + [I] = [I] + KCI04 (pptd), ~H(25 °C)=-0.075 ± 0.030 ki /mole. (8) The appropriate combinations of the above equations yield the following processes: 
vVe have combined the results given in eqs 9, 10, and 11 with our value of -4.02 ± 0.40 ki /mole for the heat of decomposition of potassium perchlorate, reported in the preceding paper [7] , and with values for the heats of formation of KCl(c), LiCl(c), NH4Cl (c), and NaCl(c) [2] , and have obtained the following heats of formation:
